
—

●

☞

MR Dec. 1942

NATIONAL ADVISORY COAAA4TTEE

.,
./’ .,.,’” .!J

,. -’, ~..m:.,,-

.,
., ...,,

f:

Ft)l? AERC)NAb~tiii “’
.- ,.,J..T

HIGH-SPEED

MODEL OF

ORIGINALLY ISSUED

December 1942as
Memorandum Report

WIND-TUNNEL TESTS OF A l/6-SCALE

A TWIN-ENGINE PURSUIT AIRPLANE

By VictorM. Ganzer

Ames AeronauticalLaboratory
MoffettField,California

,.-,
,,1,

,-, :!. “w

WASHINGTON
,., ;,

~w U.w. w.

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

I



— —

.-

—

~ qqg!l!!l!l!‘,
i__ ._. . .. . - – -— -——

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS .

. . .
. . . .. . .. . . .. .

for the.
..

AXr”~fteriel Con&and, U’.S. Army Alr Foroea’. . c
.- .:

liIGY?d3PEEQ?KCND-TUXNELTESTS OF A lk-~cw. . .
:.

KODEL OF A TWIN-ENGINE PUREklIT”‘&%A~ - -
. . -. .,.$ . ,..

..Qyvictor M. Gamer . ; .-. ,. .
. .

auMk?lA$lY. ‘ . “ ‘ ‘

At the request of the Air Materiel Command, U.S. Army
Air Forces,.a l/6-ecale model of e lwln-engln,e~ursuit airplane
%-astested In the Ameq 16-foot :hlgh-s$eedFrind tun”nel. The
main purpose of the tepts was to inveptlgate the posslb~l~ty
of high-speed.diving diffj.o~ltle~with this airplane and to
find remed.iepfor them.

Most of the data ~.”ereobtained In force teete, although
t?omepresmare-dlstrlbutlon ~eaqurenents, elevator hinge momenta,
and.tie wrveye were also made..

The tests showed that the a+rnlane with the original 230-
series vlng will experience perioue ~lvin~ moments above “lift
coefficient of O.Ij at a Itach number of”t).65,and 0.1 at a Mach

number of 0=7z?5.,

~o~lflcations to the fueelwm, boo~~, and the ‘>roflleof
‘the wing oenter-eeotion aroved ifibffectlvein alleviating the
diving tendency,.but.the mbstitution of a“66-eeribs lfingfor
the original 23Q-periee wing increased the speed to.vyhlch.the
airplane oould go before encountering c“eriouediving moments
by a Mach number of 0.07 (50 ~h at 20,000 feet)o. . .

. . .

INTRODUCTZONI .. .“.“ . ~.... . .. . ..
The model ;&e furnished by the @nufactur&. . The airplane

1s a twin-e~inh, twin-boom, Wo-plaoe pursuit eilnilarin
configuration to the airplane in reference 20 Two wings were
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prmlded: an NACA

The purposes

1.

2.

3,

4.

5“

230-series wing and an NACA 66-series wing...

of ‘thetest were:

To investigate.the model for high-speed diving tend-
encies and to Investigate possible solutions to
any difficulties that might appear

TO investigate the airplane ~odel for maneuvering
and pull-out lifts

To investigate elevator hinge moments and elevator
effectiveness, pertloularly at high speeds

TO oo-e airplane nodel cha.mmteristlcswith the
230-series and.the 66-series wings

To ~nvestigate the relative positions of wing ?%ke
. and trillbece.useof their be,arlngon tall buffeting

. . .

APPARATUS

A three-view draW.nr of the model Is she?-min fizure 1.
Fl@- 2 show the nodel”mounted In the wind tunnel. “

The 230-series wing oonslsted of a plywood skin fastened
to a built-up steel spar. Designating the spanwlse looatlon
of wing seotlomby the station as measured In Inohes on the
model from the model oenter line, the wing from”wing station O
to.station 36,67 had a constant-ohord NACA 2301.6profile set
at w angle of Inoidence of +2° to the fuselage reference line.
The tip geotion (ving station 67.g3) was an NACA 44”12seotion
set at O to the fuselage referenoe line, giving a geometrical.
washout of 2°, Straight-lLne elements Joined the tvo seotlons.

The 66-series wing *as sinilar in construotion to the
230-eerles wing exoept that solid mahogany was used in place
of the plywood.

7’
NACA 66, 2-116 section set at ~ angle of

Inoldenoe of +1-1 2° was used from wing station O to station
36.67, and an ,NACA66, 2-216 seotlon set at -1/2° to the
fuselage reference line I’RSused at sta$ion 67.g3.,also giving
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. . .,.
a geometrloal washout of 2*.””“Bothvlngs’”hadthe same plan fern
and ~e~~ --- ........ . ..... . ....... . . .. : . . . ,-...-,...

.-”. -, . .*
- Figure 3 showsmthp”plan-for~ & “qectionof.s.”-t~rd-wing

modifioatlon whloh was -effectedby.mpanjiof a glove fastened to
the original 230-~eries ~ing.. .. .. .1 .. .. .

T&u set: of booms “wer’&prov%ded, deslgna~d(ilw~hls-reperk
as the ‘large booms” &d the “emaIl booms.” The outlinae of
the two sets of booms ar~ @hOwn In figure 4. The bodms were
oonstruoted of mahogany bolte~ to steel backbones. The large
booms were used.In the ~te”ndardconfiguration. The mall booms
were the e~me M the large boorzsfrom the Prestone radietors
aft, but had a smaller oroee saotio~ at the ~tingand had filletp
betveen the wing nnd boome. The oil-cooler ltlstall~.tlonon the
small boom WF.Saleo different in that the frontal area of the
booms was reduced md, on the model, there wm no nrovieion for
air to priesthrough the oil ooolers, Boom acceseoriee consisted
of Pre@tone rediator~, oil coolere, and turbo.superch~.rgers~
There was alrflo~-rthrourh the ?restone m.die.tors.

. .
The fueolage shown In figure 1 vas used for nll except one

run when the modification shown In figure 5 vae used. The
fueelagc was constructed of ~hoqnny and.van bolted through the
wing.” Fuselage acce~soriee consisted of two turrets with guns.
In this report, IIfuseln.gelldenotes the clw.n condition of the
fuselagi3,without turrets.

The stabilizer mnd elcvntor ‘“rereconstructed of eo31d
aluminum elloy ~.rithsteel hinges md lead countermights~ A
modified Inverted 23010 section IWLSused for.the stabilizer.
The elevator WV.Ghinged ~.ndwas held in poeition by two steel
arm! extending.forward from the elevator hinge line into.the“
booms. Upon the u~per and lol-ersurfaces of esoh of these arms
were mounted wire strain gagee, whloh were o~~ibrated by means
of weiglhtaon a lever to read -elevatorhinge moment. Stabilizer
angles ?*ere+2° for the tests with the 23&serlee wing and P
+2,250.for,the tests with the 66-eeries WI%. Fins and rudders
were ~de of solid brass ~ith no mo~ablo part~a

Preemre or~fioes were at &ng station 9.6 (between the
fuselage and boome) “atwing station 2g.g5 (outboard of booms)~
and e.longthe top of the fusele.gowhere the she.rpcurvature
ooourredom

I
,,— ---- ..- -— .
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Wind Tunnel and Equipment. .

—— .—— _ _
I

The tests were run in the 16-rd high-speed wind tunnel
at Ames Aeronautical Laboratory. The tunnel has a olrcular
test section, and has a single return. Preeeure orifloes were
Oonneoted to mercury-in-glas~ manometers which were photo-
graphed. Wake surveys were made with a calibrated pitot-
statlo pitoh-yaw head mounted on a survey strut- Forces ant!
moments were measure-don automatlo balancing and.reoordl.ng
soales,

RESULTS

Reduction &nd Correction ot Data

The f’ol~ow~nglwnnel-w~l correotione were”applied to the
test reeults (reference l):

& (deg) = 0-629 CL

@) = 0.01097 CL2

. MM = 000155 CL

The results ere expressed In the followlng~forno: “

lift ooefficlent (L/qS) .

drag coefficient (D/qS)

pltohing-moment coefficient (M/qSo)

elevator-hinge-moment coefficient (hinge moment/qSece)

pres~me coefficient

(
“total nressure - 100al static Dreefure

q )

preeeure coefficient at whloh the 100al velooity
reaches the velocity of sound

free-etream dynamio prespure (*Pva)

q In the wake of the wing or fuselage
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a ~glp, of .attaokcorrected for.tunnel-wall...,-. .. -.. .-

M Maoh number

effects

R Reynold.enumber “ .

The “following&meneions were ueed In computing the
ooefflcients:

s. wtng area, 16.67 :equarefeet .

0 mean aerodynamlo chord, 1.525 feet

Be elevator area,-009Q3 square feet
.

‘e elevator chord, 3;5 inches

Pltchlng:nomente are exnree~ed about the 31.&percent
point on the mean aerod.ynanlcchord RF shown In figure 1.

Drag and nitohlng-moment tares were taken from the NACA
test re~orted in reference 2P No buoyancy or upflow oorrectione
.hevebeen mwde to the datw.. The draz data should therefore be
used for comn~rieon gurposee only.

Presentation of

The test reeults ~re presented

(1)

(2)

Rc?Gults

In tho following groups:

Build.-upand.modlflcatlonswith the 230-eerios vlng:

Figures 6 through 14 show the results of force and
presmzre measurements for the nodel with the 230 wing
as v~rloue units Were added.and modiflmtione made.
‘rlththe fueelage off, the pressure ~.twing stations
9.6 and 2S.g5 were alike, hence pres=ure coeffioiente
for only one station are shown.

Bulld& with the 66 series ting:

Plots slmllar t,othose desoribed in (1) are Inoluded
in figures 15 through 19 for ths 66 wing. . ~ .

.,
. .
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(3)

(4)

(5)”

Elevator effeotivenes~ with the 66-seriee ting:

Figure 20 ffhow the ohange In pitching-moment
coefficient ACM resulting from elevator defleotlone at
vs.riouslift coefficients and Mach numbers for the 66
ting. ?-’lththe 230-series wing on the nodel~ elevator
effeotlveneep et elevator emglee to -&” agreed Vith that
tahovm~ ..

Elevator hinge moments with the 23@serle~ wing~

Flgure~ 21 and 22 show the results of elevator hinge-
moment tests with the 230-series ?q’ingon the model, lflth
the 66-eerieP ~“d.ngon the nodel,-elevator hinge moments
at elev~.toran@es of 0° ?.nd.-3.5°agreed wriththose
shown.

.,0

,
Wake po~ltions an?.flow angle~ at the te.il:

Flgwres 23 throu@ 26 sho*rthe relative ~oeitions
of the tail and the wdse, the sizemof the wake, the ratio
of q In the valzeto q .out~idethe wke, and the flow
angles Rt the ts.11fomrboth the 230 and 66 l~rings,

DISCUSSION

Diving Che.re.ctert~tlc~of the Complete
Ai~hna “lth the 2X1-Serlee ??l.ng

The rapid deorease in the Iift”coefficient of a ving at
oonstant angle of Rtt~Ck as the ~peed.i.noreneeebeyond the
oritlod meed. i~ attended by a reduction In the engle of down-
*ash behind the ~~ing, An c.wmple of thi~ drop in lift ooeffi-
oient op.nbe ~een in figure IO(C). Thi~ reduction In dovmwash
angle c~uees ~.nincrcs.eoin the nngle of att~ck of the
horlzont~l t~il which woduo.es R diving nmzent on the
airplane, Zf sjcon~ts.ntv~lue of the lift coefficient were
maintd.ned, thi ~ngle of att~ck ‘“’ouldhave to be increased at
speeds above the critical. As an ?x,~cnle,fro~ figure 10(b)
at a Mach number of 0.675 the nodel s~t~ine~ F lift coefficient
Of O.~ ~.rlthan P.@c of att.qckof 1*1 7.~hileat a Mch number
of 0.7

2
en e,ngleof att~.ckof ~93° vae’neceseary - an increase

of 3.2 . Slnoe the aver~.gedowmaeh mgle Is constant with
oonstant lift coeffloientJ this IncreP.aein the angle of
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-- ~ttao~:,.oi’.*hwi,rnoiqi-..~ridti”otisa comesponting inorease in the
angle ?f.:aktadk~of the t%ll,.yhkqh ,fieeUl$E In .?dlvlng moment~
Whethed.q# .@nstantw}ift oo~f’flolentor.oonat%n~ an@le of
attnok$l.h-’dlvin#.Mom@nt “aan,be-e~@ied w’@I the ori~idal
speed of the wing.’lsexceeded, It”,l~.posslblb flyat.the
perfornenoe range”-ofah airplane inight’not”.enoompassthis
oondltlon, but with the present trend to?m.ril.mtires~ed and
higher w$.ng.loa~nga, .lt Is to beee~~qted.ctha t,thl~dangem-
ous div-i-&odnd.ltlon:poul~”bepresent~” It-18;possible that
in’~ylng &n alrpl~ne.w$th thiscoharaol%rlsti~;a.pi.lo~bould
get.the airpltiq Into a Mg&speeddive” from w&ioh he”’otild
not rqcmver.”.The.prlnqtp~~ ob~eo~ ofthese-l%sts tiasto”
determine the cberaaterlstlos of the air@lane”in this hlgh-
apeed region and to atttmpt to oorreot ~“alf~loultlas found.

,
Fi~re 10.shows the results of the test of the oomplete

model with the 230-.aeries.wing, The ourves shtiing the varb
atlon of pitching-moment ooeffiolent ?rlthHach number at
oonstant mlues of the lift ooefficien$ indicate *he oond.&
t+pns for which diving tendencies were present at high speed,
For %.nstanoe,aoco~ding to the pltohlng=moment mrves in
figure 10(0), at a lift coefflolent of zero therewas no large
dwnge IIIpltoh~moment coefficient as Mach number inoreaeed$
but at a 11.ftooeffloient of 0.1 .amarked decrease in the
pltchin@noment coefficient uoourred at Mach numbers above
QP725, Henoq, it om’ bc said that a “usable” lift ooeffioient
of 0.1 was available at a Mach number of Q.725. Slmllarly,
.-usable lift caef’flclentof between 002 and ?3.3 was available
at a 3Gmh number of 0.7. Since these lift coefi’iolents”p”ermlt
only small accelerations, It Is desirable to Increase the
usable lift ooeffi.olentat diving and maneuvering speeds-

Effeot of Fusele.geand Aooessoriee “

The portion.of the”wing be~een the booms undoubtedly has
more effeot on the horlzontcd tall, whioh $s between the booms,
thtin.dothe outer portions.of the wingi “The oritio~ speed of
an~ wing oan be affebted by bQdies suoh @ q.f’uselageAnd”booms
plaoed upon tliewing due tp the -e in pressure distribution
over,the wipg.near the,body, Tho modelgwas tested.without the
fuselage”and aooes@Qries and was Ylen”tqsted wi~h”these items
in plaoe .In order to ~etermlnp the:effeot .on the “@eed and Ilft
at whloh diving momen~s ooourred- Figures.2~ ahd 2C!:show the
results for both wings. In esoh ease, the fuselage alone had a

-—. .
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detrimental effect in that it oaused the pltohing-moment
ourves to break at about 0.025”lower Maoh number for corre-
sponding lift coefficients- The boom aooedborles Inoluding
Prestone radiators, oil coolers, and turbosuperoL gers, had
little effeot but the turr~te”on the fuselage neutralized the
adverse effeote of the fuselage ttself and oaueed the oharao-
terlstlos of the oomplete airplane to resemble those of the
wing, booms, and tall.

The effect on the llft ooeffloient and the mlnlmum drag”
coefficient of adding the fueelage.ls shown In figures 29 and
30. At speeds above the orltloal, R loss of lift is Indloated
becauee of the fueelage. The Increment added to the minimum
drag was practically constant UP to a Y!oh number of 0.675,
tvherethe drag started to rise, but Inoreased m the Maoh
number incre~sed above the value.

The preesure plots in figure $ indlcete & high peak
pressure on the top of the fuselage Just fo~ard of the wing
leading edge. It T~Rethought possible th~.tthis peak pressure
c’ouldcause compree~ibillty shock to occur on the upper sur-
faoe of the ting at an excessively low epeed which might have.
a detrimental effect on the lift and thup contribute to the

‘diving moment. The canopy was revieed, as ehown in figure 5,
to reduce this pressure ~edz. Tigure 31 Indicates that the
revi~ion had a detrimental e.ffeoton both the high-speed
pitohlng moments and the high-speed drag. This effect cmld~
have resulted f’rommoving the preseure ~eds, even though lower
in magnitude, back to a point ~.?hereIt added to the vcl-ng
pressures Pnd c~ueed commessibimlity effscte to occur e’arlier,

Effect of’Reducing the Cross Section of the Booms

The purpose of the small booms was to reduce the oross-
seotlonal area along the wing intersection in an attempt to
reduce the Interference between the wing ~.ndbooms nnd thus to

‘:preservethe lift and pitohlng-moment coefficientato a higher
speed. Figure 32”shows that the reduotion in boom ~ize had no
beneficial effect on pitching moments but reduced the minimum
&ag coefficient by 0.002 at a MEA number of 0.3 and by 0.003
at a Mach number of 0.6. Some offthip drag “changewas
probably due to the revi.slonof the oil-cooler installation
vr~ththe atten~nt reduction in front~ ~re~ ad to the f~~t .
tbt on the model there vasn”oah “flowthrough the oil .

*

I
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ooolers on the mall booms. .
.

., . . . . . .,.- .1. . . . . . . . . . .

,.. . . ..-,-. >—
,.. .. 7.-..

Effeot of the Glove on the Wing Writer Section

Plots of the normal fome ooefflolent c~ from ~he
Integration of the preseures separately on.the lower and upper
surfaoos of the 230 ~d 66 wings showed that the downward
normal force on the-lover sur$aoe Increased”more-rapidlywith
Mach number than.dld.thq upward for~e on.thp upper.surfaoe, thus
giving a reductlo~ in net lift ovenwhen the lift on the upper
surfaoe.wae still Inoreaelng (figs. 33 and @l-)- If It.were
possible to keep the downward.foroe on the lowqP surface frOm
Inorenslng with Mnoh ntiber, the lift oo~d be maintained to a
higher speed whloh would preseme the downwash angle and remove
the cause for the diving moments to a higher epeed. In an
attempt to accomplish this l~rovanent, a wing section was
designed by the manufe.cturerto .tivepositive preesu~es .
relative to the etrbam pressure over a greater part of the
lover surfnce of the I.ring.The @eve, as shown In figure 3,
was inst~.lledusing t-hl.sseotlon. The ef~eot of the glove on
lift coefficient and pitching-moment coefficient is shown in
figure 35, and on normal-force ooeffioients in.figure 36.
Since there wm only a ~11.ghtincrease in lift ooeffiolent at
Ppeeds e.hovethe oritical m~ slnoe the pitching-poment curves
broke nt ,=pproxim.telythe sn.meMaoh numbers as without the
glove, the improvement due to the glove was not large enough
to be of pr~otlonl value.

Effect of.Chan@ng to the 66-Seriee-~Ting

Figure 37 shows a compmrieon of the results for the 230
and 66=vings with regard to lift and pitohing moment. Figure 3g
shows.the lift ooefflolent available before the moment ourves
broke, the maximum lift coefficient, and the lift coeffloient
required for level flight at v~rlous altitudes= The break in
the moment curves Is considered the limiting condition on the
lift ooeffiolent available for flight and maneuvering, for even
though more lift coefflolents were available at higher amglesof
attack, the pilot might have difficulty produoing the pitohing
moment neoespary to attdn these angles. ThiEI.crlterlonwill be
less applicable as Mach number decreases beoauee the moment
dlfferenoes will deorease direotly in proportion.tothe deoreased
dynamlo pressure. Figures 37 and 3?! chow the superiority of the

I
I ml 111111I 1 —,-.. . . . . . . . . . —
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66 wing over the 230 wing. At .Maoh numbers
an increase in the crltioal Mach number, ae
moment-cttm~ break. of”about 0.07 (5O miles

greater than 0.55
determined by
per hour at

20,000 feet) Ie aviile.bleat lift 66effioien;s of 0.8 and
less, ..

The maximum llft ooeffioient ~Tiththe 6Gsoriesmving was
0.33 lcwer than t.hntwith the 230-series wing at a Mach number
of 0.2● Taets with ~.nd.without the fuselage ehowed that, at
this smle and speed, the Interference effeote on maximum
lift ooefficlent due to tihofuselage were negligible. Figure
39 shows the test Reyno15.s~nunbervarl~tlon with Mach number
for the nodel’- At a l!ac~.nunberof 0.2 the l?eynoldsnumber
was only 1,900,000. References 3 and”~;indicate that the maxi-
m lift coeffioient~ of 66-se”r~esairfoils -e low at low
Reynolds numbers, but that they compare favor~.blywith ~lmum
lift coefficient~ of oonventlonal wings e.thigher Reynolds
numbere~ Tests at Ifiger Reyno.l@.snur~bersbut at the same
Kach numbers (corresponding to “n.pproe.chand landlng speeds)
are necessayy to ~>red.letthe maximum lift coefficient of the
alrph.ne in flight. .

. .

~A”.comptiisonof the dmg oi’the co@ete aodel,with the
different wringsis shown in figure ~. At Hmch numbers of 0.6
and.greater, “the 66 wing gave a lover dra~ at nll lift coeffi-
olents while at.lover s~eede the 66 ting w~e superior nt lift
coefficients of 0.4 and less. with the dreg curves OrOEISingat
that point. It Ie possible that the 66 ving would show to even
greater advantage, especlnlly at high lift coefficients, if
the test Reynolds nuaber were more nearly equivalent to
flight lleynol~enu~berao

Due to the high W@ loading of this ~irplane [60.5 pounds
per square foot), it Is believed that further improvement could
be re~.lizedif more c~nber were built into the 66-series wing.
The ~=?lngtested.wee cambered for e lift coefficient of 0.1.
Figure 38 ~hows thnt in any condition except a ~lve the ai~
plane requires a higher lift coefficient than 0.1, ~-nd.it
would therefore be deslr~.bleto design the wing for P.higher
lift coefficient. Thl& increme in camber should extend the
usable llft-ooefflcient r~nge of the al~lnne and..should also
ehotiP.b~neficlel result on mnxinun lift coefficient, allowing
more llft for mneuverlng Rt hl~h ~eed, and Improving the
landlng chare.cteri~tj.csover the 6Gseries wing as tested..
Figure LO shows that the 66 w’inz T&s superim to the 230
wing with reppeot to ~ubcritio~.idr~~ coeffloients et lift
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ooeffloients of at least M.2 from the lift ooeffiolent of 0-1
.for,~$~h -thq66 tiingwae emered. Any increase In lift..-,
ooe$$ioient by m6tins’of FdddR~’oambershould raise the lift

- coefflole”ntat which thie drag s~vlng 1s available to values
more in keeping with the level~fllght”lift ooefflaients for “
this tirplme.

The 66-~eri&@ wing as teet.edon the model was aerodynam-
ically smooth and the Reynolds number wag low, which are ideal.
oondltione for the mal.ntenanoe.of lamlnar flow.. Since the

. . aotual airplane would have the.turbulence due to the propellers
and the lncre~.~edReynolds number, these Iilealconditions
mould not exiet ~nd.-thet~m~ltlon point between ltinar and
turbulent flow might-move forwmd. This forward movement
would cw.usosome olmmge til the chnr~.cterietlosof the””mng~
In an attempt to determine the effeot of moving the t~ansition
point forward, ah extreme oas.ewas tested on the HOdelo Transl-
tlon was fixefiwith number 60 cmrborun~.umat the lQ-peroent-
ohord point. Figure ~.1shove the results of this test. There
WRF a detrlmontal effect on lift, p~.rticulsrlyin the low lift
range where this wlhg ordinarily had lamina~flow ohm?acterts-
tlcs, snd the nitohlng.noment curvee broke more eharply but at
the @ame Mach number as without transition. Since the device
of arbitrarily fixing the tranpltion with Carborundum is not
ncceepnrlly directly compmw.ble with the normnl..trmeltion on
the full-Fople ~lrpl=ne, these result~ nay not accurately
represent flight condl.tionso .

ElevP.torEffectiveness

Figure 20 shows th~.tfor the range of lift ooeffloients
covered.In this teet the elevntor effeotlvene~e wae qseentlally
oonstsnt with @peed.. However, the fact that the elevator
romd.n~ effective d.oe~not Ind.loatethat the pilot coulti.pull ,
out of a high-epeed “d.lve~.~tthoutdifficulty, ad the airplane
becomes extremely stable at high ~edd Prod.an e~evator defleo-
tlon whloh .wouli?allow the pilot to pull out of a dive ~t speeds
below the orltical ~uld have muwb lees effeot gt speeds above
the oriticali An ex=mmle of the Inc%ee.r?ein.@tabillty with
spee~ 1s @hewn in fi&~re 10(b).

Elevator Hinge

Diffloulty%rae e~erlenoed In
moments with the eledtrim.1 str~in

. . .

. .

Moments ~ .

the measurement of hinge
gagee In that hysteresis was
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M!Uoated in the zero readings before and after a run. For
this reason the e.beolutevs.luesof the hinge-moment ooeffi-
oionte oannot be relleclup-on,but any large varie.tionof
hinge-no=ent ooeffiolent with I&oh number oould be deteoted.
NO such varintlon WRS found. . .

Wake Positions at the Tail

The we.lso,surveye (f@.” 23 through 26) show that the tall
wa~ in tho wake of the fuselage ~t all oonditlons of the te8t-
At attitudes M?. speeds eorreepontling to level flight the tall
was not ~n the wake of the ~ting~ However, at an angle of
attack of 5.5° and e. Mach nunber of 0.60 the mwa’keof’the 230
wing.lnoluded the tnil, mi! mt the emze angle at a Maoh number
df 0.65 the we.keof the 66 wing al~o inoluded the tnilti
These .Rttltudesnnd epeeds night be att=lned In aooelerated
flight● Wnke me~~urementq ~hwn in referenoe 2 Indicate
t~t the w~ke would %fldenconeidorn.blyif the speed were
inoreaeed ~.hoven Maoh number of 0.61j. It Is po~sible that
the.wdse might widen to Inolude th~.tail at attitudes oorre~
.sponMrgto unncceler~.tedfll.@ltif the sneed.were Increased
above that lnvest$g~ted.in those surveys. Since oondl.tions
are oond.ucivcto t~.11buffeting vhen the t~.11is in the wdce
of the wing ~nd fusel~~e, It is Ooncluded thnt under oertain
oon@Ation~ it ie po~rlble thnt the airplano will experience
buffeting.

CONCLUSIONS

1. At lift eoeffloientg corresponding to level flight,
the.llniting ~peeds RS d.cterninedby the development of
unsatisfactory diving monents range from a Yloh number of
0.65 (432 rcles ;>erhour at 40,000 feet altitude) to 0.73
(555 miles ‘>erhour at se~.level).

2. Substitution of the 66-series wing for the original
230-series ting resulted in an increase in the allownble diving
speed mnd the lift ooefflolent av~ilmble for mnmuvering at
high ~peed.

30 Elevator effeotivenese was essentially constant at
all speeds, but the stability of the airplane Inoreased
rapld!lyat speeds above the oritimlt
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4. Elevator hinge moments dld not show any erratlo
Oharacteriqtios at high speed.., ......

5. At level-flight spe~ds and a;titudee, the-tail was
Rbove the wake of the ting, but wa@ In the wake of the
fu~elage for all conditions of the test. Above the orltioal
@peed, the tall wae in the w~e In some aooelerated flight
oondltlons. At higher speeds than were Included in the wake
!?urveye,It la ?ossible tmt the t~.ilmight be In the wake even
In unaocelmrated flight. Otiherexperlenoe Indicates that tail
buffeting 18 likely to be encountered when the tqll 1s In the
Vrpke. .

Ames Aeronautical Laboratory
Nntlonel Advl~ory Commi%tee for Aeronautics,

Xoffett Field, CalIf,
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Figure 39.- Reynoldsnumber varioiion with Mach number
for average tunnel conditions.
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(o) Mach numbe~ 0.3 through 065,

Figure 40.-Comparison of 230 wing ond 66 wing
in drag with Iorge booms, fuselogej all
accessories, tail.
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Figure 40.- Concluded.
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Figure 4/.- Effect of fixing transition on CL and GM;
66 wing, Iorge booms, fuselage~ all accessories, toiL
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